ABSTRACT
INTRODUCTION
In veterinary medicine, general anesthesia is used for all intraocular surgical procedures (Slatter & Colitz 2007) , including those for cataract extraction in which the maintenance of mydriasis is critical, since pupil constriction may result in serious complications during the procedure (Gross & Giuliano, 2007; Almeida et al., 2008) . However, most of anesthetics induce miosis (Bechara, 2002; Slatter, 2005a; Gross & Giuliano, 2007) and reduction of tear production, thus requiring corneal lubrication during these anesthesia procedures (Krupin et al., 1977; Brightman et al. 1983; Herring et al. 2000; Pontes et al. 2010) .
Neuroleptoanalgesia (NLA) is commonly used in veterinary medicine as a pre-anesthetic agent to provide analgesia in minor surgical procedures. Phenothiazines and opioids have been extensively used to produce NLA. When used in combination, they promote sedation and analgesia, resulting in better effects in comparison with their isolated use (Monteiro et al. 2009 ).
The iris is a diaphragm that divides the eyeball into two chambers, an anterior and a posterior. Its central opening is called the pupil (Coulter & Schmidt, 1996) . The iris muscles of mammals are smooth muscles. The sphincter muscle or iris constrictor, has muscarinic cholinergic receptors under parasympathetic control which, when activated, results in miosis. In contrast, the iris dilator muscle has α 1 -adrenergic receptors innervated by sympathetic branches accompanying the ciliary nerve (the ophthalmic branch of the trigeminal nerve) (Coulter & Schmidt, 1996; Gross & Giuliano, 2007; Wilkie, 2007) . The drugs produce mydriasis by paralysis of the sphincter muscle and the stimulation of the iris dilator muscle (Moore, 2003; Gross & Giuliano, 2007) , such as anticholinergics (Wilkie, 2007) and adrenergic agonists, when administered topically (Slatter, 2005a) . However, lacrimal secretions are reduced after prolonged topical administration of atropine and may intensify the signs of tear deficiency (Moore, 2003; Pigatto et al., 2007) such as hypertonicity of the remaining tear film, dehydration of the epithelium of the conjunctiva and cornea, hypoxia of the corneal epithelium and stroma, secondary inflammation of the ocular surface, and the formation of corneal ulcers (Slatter, 2005b) .
The Schirmer tear test (STT) is a semiquantitative method of measuring tear production. It is performed with sterile absorbent paper strips, packed in pairs, notched at 5 mm from its end. Each strip is folded and placed in that slot in the lateral third of the lower eyelid fornix for one minute (Slatter, 2005c) . The test was developed according to two different techniques (Gelatt et al. 1975) . The STT1 measures the production of basal and reflex tears and is the most routinely used. The STT2 evaluates tear production after application of topical anesthetic on the cornea (Slatter, 2005c) and in animals which cannot be assessed by the STT1 or with corneal injury (Saito & Kotani, 2001) .
The values measured by STT1 may vary with environmental conditions. In normal dogs, the average value varies from 17.01 ± 4.28 mm / min (Laus et al., 1995) to 21 ± 4.2 mm / min (Gelatt et al., 1975) .
Tramadol hydrochloride is a synthetic partial opioid agonist with low affinity for µ receptors and analgesic potency compared to one tenth of morphine. Its effectiveness is limited compared to full agonists, since partial agonists may not involve all types of opioid receptors (Branson & Gross, 2003) .
Opioids have different effects on pupil diameter in different species. In general, they tend to produce mydriasis in cats, rats and monkeys and miosis in dogs, rabbits and humans (Lamont & Mathews, 2007) . However, tramadol does not significantly alter the human pupil diameter (Knaggs et al., 2004) . Parrilha et al. (2009) reported that tramadol does not significantly alter the cardiovascular, respiratory and thermoregulatory parameters of dogs.
The most used phenothiazine derivative as premedication in veterinary medicine is acepromazine (Gross, 2003; Lemke, 2007) . Phenothiazines promote light temperatura retal. O tramadol demonstra ser um fármaco pré-anestésico adequado para procedimentos que necessitem da manutenção do diâmetro pupilar e mantém a produção lacrimal dentro dos parâmetros normais. Entretanto, com o uso da acepromazina isolada ou associada ao tramadol, torna-se necessário proteger a superfície ocular do paciente com a finalidade de se evitar a ocorrência de alterações oftálmicas indesejáveis. sedation, though without disconnecting the animal from the environment, as they block the dopamine effects. These drugs do not promote analgesia, but potentiate the action of analgesics (Cortopassi & Fantoni, 2002 , Gross, 2003 . Their main hemodynamic effect is blood hypotension, resulting from blockage of peripheral α 1 -adrenergic receptors. Other effects reported in dogs are decrease of rectal temperature and respiratory rate by decreasing the sensitivity of chemoreceptors to carbon dioxide (Cortopassi & Fantoni, 2002; Gross, 2003; Lemke, 2007) .
In cats, the administration of acepromazine promotes the reduction of tear production measured by STT1 (Ghaffari et al., 2010) .
The acepromazine tramadol combination causes slight reduction in heart and respiratory rate, systolic blood pressure and rectal temperature in dogs (Monteiro et al., 2009) .
This study was conducted to evaluate and compare quantitatively tear production, as well as possible variations in pupil diameter and changes in heart and respiratory rate, systolic blood pressure and body temperature in dogs treated with these drugs, alone and in combination.
MATERIAL AND METHODS
This experiment was approved by the Ethics Committee in Research of the Faculty of Biological Sciences and Health -FACISA / UNIVIÇOSA, number 00040/2011-I. Seven healthy adult dogs, breed, age estimated from 2 to 10 years of age and mean weight of 18.87 kg, from the kennel of the Department of Veterinary -UNIVIÇOSA. These animals were previously submitted to clinical, laboratory, and ophthalmic examination to exclude possible carriers of alterations that could interfere with the results.
The seven dogs underwent three stages of premedication (MPA). Initially they were sedated with acepromazine (1% Acepram ®) and named group 1 (G1). After seven days they were subjected to a second stage, where they received premedication with tramadol (Tramal ® 5%) and were named group 2 (G2). After seven days, they received combination of tramadol and acepromazine and were called Group 3 (G3). Thus, seven dogs integrated three groups that differed only in the protocol of preanesthetic medication, using the same animals for each group. A seven day interval between groups was given in order to meet the drug clearance time of and full recovery of the animals.
A closed room with controlled light and ambient temperature and humidity was used for the experiment. The animals went through a 20 minute period of adaptation to the environment before performing the experimental procedures.
The drugs were administered intramuscularly (IM) in the region of the semitendinosus and semimembranosus muscles of the right hindlimb of each animal, at doses of 0.1 mg / kg in G1 (acepromazine); 2 mg / kg in G2 (tramadol); and 0.1 to 2 mg / kg in G3 (acepromazine and tramadol, respectively). In each animal, the parameters were measured 15 min before and 15, 30 and 45 min after drug administration, totaling 60 minutes of experimental evaluation.
The pupil diameter (PD) was measured with a caliper, read in millimeters (Nikeghbali et al. 2007; Almeida et al. 2008) , manually adjusted according to the pupil diameter ( Figure 1A ) oriented parallel to the corneal surface of the right eye of each animal, but without touching it (Figure 1  B) . The evaluator stood in front of the animal, so that the dog's eyes were kept parallel to the table. Because of the constant fluctuations in pupil diameter, three consecutive measurements were carried out and disparities between the values measured were recorded.
The tear production was measured by the STT1. The animals were kept on station or in sternal recumbency, according to their degree of sedation. A sterile Schirmer strip was folded into the slot at its end, still in the package, and placed into the lower conjunctival fornix of the right eye (STT-RE) of the dog (Figure 2) for one minute. During this time, the eyelids of the eye examined remained closed. Then, the same procedure was performed on the left eye (STT-LE), using a new sterile strip (Slatter, 2005c; Pontes et al., 2010) .
Heart rate (HR) was measured by chest auscultation, using a stethoscope to count clinical beats per minute (bpm). The respiratory rate (RR) was measured by observing the chest and counting of inspiratory movements per minute (mpm). Systolic blood pressure (SBP) was measured by the Doppler method, using a mercury manometer and a veterinary doppler apparatus to measure the noninvasive blood pressure (Camacho & Mucha, 2004) read in millimeters of mercury (mmHg). Rectal temperature (RT) was measured in degrees Celsius (°C) with a digital clinical thermometer lubricated at its end and placed on the anal sphincter of the dog (Feitosa, 2004) .
Data were examined by analysis of variance (ANOVA) and, if significant, by the Tukey test, at the maximum of 10% probability, using the software Statistical Analysis System (SAEG, 2007) of the Federal University of Viçosa. The effect of drugs on the parameters, over time, was analyzed by regression analysis for the biological interpretation of the results.
RESULTS AND DISCUSSION
The pupil diameters (PD) in G2 were higher than in G1 and G3, which were not significantly different (Table  1 ). There was a linear decrease of 0.0046 mm/min in G1. But, there were no significant changes in the PD of G2 (Figure 3) .
Thus, there was occurrence of miosis in the groups treated with acepromazine, even in combination with tramadol. The same result was observed by Knaggs et al. (2004) in a study wherein tramadol did not change the PD in human patients. According to Branson & Gross (2003) and Duthie (2008) , tramadol does not bind to all kinds of receptors like other opioids, which may be reason why it does not change the PD, unlike the total opioid agonists.
The values of the Schirmer Test for the right eye (STT-RE) in G3 were lower than those observed in G1 and G2 (Table 1) . There was a linear decrease in G1 and G3, with a reduction of 0.0967 and 0.1472 mm/min, respectively, over the experimental period (Figure 4) . Means followed by the same letter in the same column are not significantly different. PD = pupil diameter; STT-RE = Schirmer tear test -right eye; STT-LE = Schirmer tear test -left eye; HR = heart rate; RR = respiratory rate; RT = rectal temperature; SBP = systolic blood pressure.
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It can be inferred that there was reduction in tear production in both eyes of dogs in the groups that received acepromazine. However, its use alone caused greater tear reduction compared with the combined used with tramadol. These results corroborate those found by Ghaffari et al. (2010) in cats.
The administration of pre-anesthetic drugs induces the reduction of tear production (Simonazzi & Zanichelli, 2002; Slatter, 2005b) , but tramadol alone does not cause this effect.
Differences found between the left and right eyes can be attributed to increased exposure of the ocular surface of the eye right to pachymetry, with subsequent drying, Pontes et al. (2010) also observed differences in tear production between the eyes due to the greater exposure of the ocular surface of one of them.
The SBP and HR of the three groups showed no significant differences during the experimental period. According to Cortopassi & Fantoni (2002) and Lemke (2007) , the main hemodynamic effect of acepromazine is hypotension with compensatory tachycardia (Gross, 2003) , resulting from blockage of peripheral α 1 -adrenergic receptors. The absence of hypotension can be attributed to dose and route of administration of acepromazine, because this effect is dose dependent and can reduce hypotension by 20-25% after intravenous administration (Cortopassi & Fantoni, 2002; Lemke, 2007) . As there was no hypotension, tachycardia consequently did not occur, since this effect is secondary to hypotension.
The group that received only the tramadol also showed no changes in SBP and HR, corroborating the findings of Parrilha et al. (2009) .
It was found that the RR in G3 was lower than those of the other groups (Table 1) . It decreased linearly in G1 and G3 from 0.1828 and 0.1797 mpm, respectively, every minute ( Figure 6 ). Thus, the RR was reduced only in the groups that received acepromazine. This occurs by reducing the sensitivity of chemoreceptors to carbon dioxide after In G3, the times 30 and 45 min after drug administration showed tear production below the lower limit established by Laus et al. (1995) (Figure 4) , demonstrating that the acepromazine tramadol combination causes considerable dryness of the cornea. In G2, there were no significant differences over time.
Tear production of the left eye (STT-LE) in G3 was lower than in G1 and G2 (Table 1) . However, only G1 showed linear effect, with reduction of 0.0969 mm/min ( Figure 5 ).
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The tramadol acepromazine combination also reduced RR, corroborating the findings of Monteiro et al. (2009) . However, the Tramadol alone was unable to change this parameter. Branson & Gross (2003) and Duthie (2008) also found that tramadol promoted little respiratory depression.
The Rectal Temperature (RT) in G3 was lower than in the other groups (Table 1) , with linear decrease of 0.0166°C per minute (Figure 7) . Thus, the group that received the combination of the two drugs showed little decrease in this parameter, corroborating the findings of Monteiro et al. (2009) .
Alone, these drugs did not cause significant variations. However, Cortopassi & Fantoni (2002) , Gross (2003) , Lemke (2007) and Monteiro et al. (2009) mentioned that it is common the occurrence of a slight decrease in the RT of animals receiving acepromazine. However, Parrilha et al. (2009) reported that the Tramadol does not change the thermoregulation parameter in dogs, as it occurred in this study. 
CONCLUSIONS
Tramadol is a pre-anesthetic medication, suitable for intraocular procedures that require the maintenance of the pupil diameter close to normal, excluding the effects of a general anesthetic in concomitant use. Furthermore, Tramadol alone proved to be unable to change tear production, the heart and respiratory rates, the systolic blood pressure and the rectal temperature in dogs.
Acepromazine causes miosis and is contraindicated for procedures that require pupil dilation. In addition, it reduces tear production and the respiratory rate.
Even when the two drugs are combined, some effects of acepromazine prevail over those observed with tramadol, such as inducing miosis and decreasing tear production, respiratory rate and rectal temperature in dogs. The use of acepromazine, alone or in combination with tramadol requires protection of the ocular surface from dryness to avoid unwanted ophthalmic changes.
